I. Introduction
A microwave polarizer is a device that converts a linearly polarized wave into a circularly polarized one, and vice versa. Microwave polarizers can be classified into two types: one which converts the polarization of a plane wave-like radiated field, and the other that chains of satellite communication systems for polarization diversity [1] . Widely-used waveguide polarizer structures include a single groove [2] or multiple grooves [3] , ridges [4] [5], a septum [6] , a dielectric slab [7] and corrugations [8] .
The groove polarizer is formed typically in a circular waveguide by introducing a quarter-wave groove on the waveguide inner wall [2] . Due to its structural simplicity and good performance, it is particularly useful at the W-band, where manufacturing tolerances often result in inferior device performance.
Since proposed in 2002 [2] , the groove polarizer has been investigated mostly by Yoneda and co-workers
At the W-band, where the wavelength is in the order of 3mm, fabrication tolerances are very critical so that a technique for accurately implementing the W-band groove polarizer needs to be investigated. In this paper, a simple method of implementing a groove polarizer is presented, where the block containing the groove is machined separately and connected to a circular waveguide at both ends. The design, fabrication and measurements of the proposed groove polarizer structure are described in the following. (2), we obtain a formula for the groove length  .
II. Polarizer Design
where 
1.069
Based on the parametric study, a polarizer is designed which has the following dimensions:  = 2.2mm,  = 0.80mm, = 3.43mm with performance shown in Fig. 4 to Fig. 6 . The designed polarizer has reflection coefficient of less than -20dB, axial ratio of less than 1dB at approximately 10% bandwidth. In this paper, we propose a simple technique for implementing a groove polarizer at the W-band and beyond. Our idea is depicted in Fig. 7 , where the block containing a groove is machined separately from the circular waveguide and connected to a circular waveguide at both ends. The groove block can be precisely machined by electric discharge machining. In the next section, we present the fabrication and measurement of the proposed groove structure. The designed polarizer has been fabricated by micro-wire electrical discharge machining. The polarizer is precisely connected to the transition using two guide pins and bolts and screws. Only slight misalignment is sufficient to produce significant errors in the reflection coefficient measurement so that a precise connection is very important [10] . (4a) and (4b) given below.
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